A family of sulfated uronic acid-free mucopolysaccharides which was named keratosulfate has been isolated after proteolytic digestion from cornea, nucleus pulposus, and cartilage of mammals, birds, and fishes. These mucopolysaccharides were composed of D-galactose and hexosamine in a ratio of somewhat greater than 1, contained variable amounts of sialic acid and fucose, and had a ratio of sulfate to hexosamine of 1 or greater. The mucopolysaccharide fractions were covalently linked to proteins or peptides and in fact were highly resistant to proteolytic digestion. Thus they could either be regarded as sulfated mucopolysaccharides or sulfated glycoproteins resembling blood group substances. The latter, however, have never been found to occur as sulfate esters.
In the last few years a group of Norwegian authors reported the isolation of a uronic acid and sialic acid-free sulfated mucopolysaccharidel from the allantoic fluid of embryonated eggs, either normal or infected with influenza virus.'-3 This mucopolysaccharide, termed "host factor" (HF), was obtained without proteolytic digestion, and proved to be antigenic in man and in rabbit. 1-4 Attempts to produce antibody to keratosulfates have thus far failed.5 In fact, a substance immunologically identical with HF was shown to be present as a component of the influenza virus envelope.' Since the chemical structure of keratosulfate both of cornea and of cartilage has been determined in our laboratory, 8' 11, 12 it seemed of interest to study the substances present in allantoic fluid and if possible to determine why, in contrast to keratosulfates, they are antigenic. This report deals with the isolation and chemical properties of the chick allantoic fluid saccharide (CAFS). The fractions isolated, while immunologically similar or identical with the Norwegian material, showed chemical differences, the most important being a high sialic acid content.
Materials and Methods.-The mucopolysaccharide of chick allantoic fluid infected with influenza virus (Japan/170/62A2) was isolated by methods analogous to those used in this laboratory for the isolation of keratosulfate. After removal of the virus, the supernatant fluid was precipitated with acetone. ( On treatment with 0.5 N NaOH at room temperature for 48 hours, 242 JIM of serine and 205 ,uAM of threonine were selectively destroyed concomitant with 92 /M of glucosamine (or 13.3%) and 335 ,AMI of galactosamine (65.9%). Thus the sum of serine and threonine destroyed (447 1AM\M) was equivalent to the total hexosamines destroyed (427,gM).
In another experiment 30 per cent of glucosamine was destroyed when treated with alkali and borohydride. In this experiment, the galactosamine value could not be calculated since reduced hexosamines coincide with the galactosamine peak in the amino acid analysis.
Electrophoresis, at pH 5.0, of the alkali-treated preparation showed two spots which stained with Alcian Blue. Alkali treatment in the presence of borohydride followed by fractionation on Biogel P6 showed markedly increased polydispersity of the carbohydrate fraction. The main carbohydrate was eluted just prior to the salt peak and was free of peptide, whereas KSII after similar treatment retained its peptide chains. The approximate molecular size of this fraction corresponded to that of a hexasaccharide. A reduced chromogen (peak 3 in the amino acid analyzer) after acid hydrolysis was absent in contrast to the pattern with KSII.8 The protein-free fraction, on mild acid hydrolysis, failed to show the unsaturated component demonstrated by Lloyd et al. in blood group substances.9 As with KSII, an increase of alanine and the appearance of a-aminobutyric acid were demonstrated after treatment with alkali and borohydride.
The only hexose detected after acid hydrolysis was galactose. Sialic acid by the Svennerholm method was 13.0 per cent and by the Warren method, 11.8 per cent. After digestion with sialidase (Cl. perfringens) and dialysis, sialic acid in the dialysate determined by the Warren method was 14.0 per cent. The infrared spectra of our samples were very similar to those of keratosulfate. However, the spectrum of our preparation of CAFS has an additional peak at 1400 cm-' which was not present in the Norwegian sample of HF. The latter preparation showed two additional peaks at 920 and 850 cm-', both absent in our preparations and KS. The above two peaks are typical for axial secondary sulfate groups (galactosamine or galactose-4-sulfate). 1 After acid hydrolysis with 0.5 N H2SO4, 1 paper chromatography and electrophoresis revealed a main spot for N-acetyl glucosamine-6-sufate and a minor spot of galactose-6-sulfate similar to those obtained with KSI and IISII. No evidence was obtained for sulfated galactosamine.
At different stages of purification, our materials were compared immunologically with purified HF obtained from Norway. In double-diffusion analysis (Ouchterlony) with antisera to HF, our samples showed two components which gave reaction of identity with HF; their reactivity in this system was not significantly altered by prior enzymatic removal of sialic acid. The same samples, however, showed only 5-10 per cent of the capacity of HF to block inhibition, by anti-HF, of viral hemagglutination. 3' 4 In quantitative precipitin analysis, CAFS exhibited approximately 20-30 per cent of the potency of purified HF in precipitating anti-HF. The sole exception to the foregoing was the protein-free oligosaccharide after treatment with alkaline bc rohydride. This material, even in relatively high concentration in double-diffusion analysis, gave but one line identical with one component of HF, and was entirely inactive in the hemagglutiniation-inhibition-blocking test.
Discussion.-CAFS, although similar, is clearly distinct from the keratosulfates. Like keratosulfate it consists of a peptide backbone to which multiple short carbohydrate chains are attached by 0-glycosidic linkages to serine and threonine. As in the case of KSII,8 the sugar linking the carbohydrate chains to the peptide appears to be mainly a nonsulfated N-acetyl galactosamine. In contrast to KSII the absence of reduced chromogen on borohydride treatment of CAFS indicates the absence of 3-substitution of the galactosamine in the latter. The separation of at least the major portion of the carbohydrate covalently linked to peptide also contrasts with KSII. The larger proportion of galactosamine in CAFS as compared to KSII (Table 1 ) and its selective destruction during alkaline treatment would indicate that the carbohydrate chains are much shorter than those of KSII. The carbohydrate chains of both CAFS and KS consist of galactose and N-acetyl glucosamine and contain sialic acid and some methylpentose as nonreducing end groups. It is remarkable that the sulfate content of CAFS is only 6-7 per cent, as opposed to the 17-18 per cent of keratosulfate. Partial hydrolysis and infrared spectra data indicate that the sulfate ester is mainly N-acetyl glucosamine-6-sulfate. In fact, the molecular ratio of sulfate to glucosamine is close to 1.00. Since in addition to N-acetyl glucosamine-6-sulfate, a small amount of galactose-6-sulfate was detected after acid hydrolysis, the above value indicates that almost all glucosamine groups are monosulfated while galactosamine appears not to be sulfated. In contrast to KSI and KSII, CAFS is antigenically active.
The mucopolysaccharide is nondialyzable and by Biogel filtration has an apparent molecular weight greater than 4,000. The fraction isolated in this laboratory is similar but not identical with the fraction (HF) described by the Norwegian authors. The main differences lie in the yields obtained from allantoic fluid, the sialic acid content, and immunologic reactivity. Since our yield was six to seven times higher than that reported by the Norwegian authors, it seems possible that they isolated a minor fraction of the total having a lower sialic acid content and a higher immunological activity. The fractionation procedures used in the present study, including free flow electrophoresis, ion exchange, gel filtration, and electrophoresis on cellulose acetate at acid and nearly neutral pH, excluded the presence in our preparation of a nonsulfated sialic acid containing glycoprotein. The antigenicity and higher immunologic reactivity of the Norwegian material may perhaps be ascribed in part to its higher molecular weight, or to the presence of more complete peptide chains than remained in our preparations after exhaustive digestion with proteolytic enzymes.
It seems most significant in this connection, however, that the protein-free oligosaccharide fraction was still immunologically active, although only at a concentration approximately 20 times that at which other CAFS fractions reacted specifically with anti-HF. While the native protein polysaccharides of cartilage are antigenic, this property is abolished after proteolysis.
Chemically, CAFS is certainly very similar to keratosulfates. A further keratosulfate-like mucopolysaccharide, obtained from the organ of Lorenzini, was recently described and named lorenzan sulfate."3 The latter, like KSII, did not react immunologically and probably is more closely related chemically to KSII than to
